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© A process and device for vaporisation injections in equipments for gas chromatographic analysis. 
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© The invention concerns a process and a device 
for splitless vaporizing injection of samples into 
equipments of gas chromatographic analysis. 

The technique is applied specially when liquid 
samples generate volumes of vapours which cannot 
be- housed inside the vaporizing ^chamber.* 

Inside the vaporisation chamber, kept at high 
temperature, evaporation of the -sample solvem 
forms a cook zone where the solutes are retained 
while .the solvent vapour v s expand^ou^o Mhe vapori z; 
ing chamber and leave the injector. The sample 
liquid is kept in place within the vaporization cham- 
ber by suitable obstacles or by a packing material. . 

At the end of solvent evaportaion, i.e. when 
cooling ceases, the injection zone returns to the 
regulated injector temperature and the compounds 
to be analysed are transferred to the column by the 
carrier gas. * 
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. The present invention relates to a process and. 
a~device;for th^.va^ — - 

equipments for gas chromatographic analysis, in . 
particular in absence of splitting of the compounds 
dissolved in the solvent, specially but not exclu- 5 
sively for samples having volumes exceeding 5 ,\ 
microliters and to be analyzed in capillary columns. 
As it is well known, two main methods for 

- sample injection in gas chromatographic analysis 

are presently used, well defined between one an- 10 
other and generally/alternatively applied according 
to the analytical modes foreseen: vaporisation in- 
jection Tand non vaporising direct on column injec- 
tion, the so-called "cold on-column injection". 

— In- the "vaporisatio n-in jection two-differerit~ihjecT~ 

tioh modes are. in turn used, i.e. the split; injection 
and the splitless one, namely in absence of split- 
ting. The sample, .injection is . generally-performed - 
by means of a syringe. The syringe needle injects 
the sample through an elastorheric membrane 
• (septum) into a glass liner positioned inside the 
vaporisation chamber. In split injections, an" even' 
considerable percentage oj Jhe_wJiote,injected and„: 
vaporised sample is eliminated to the atmosphere; 
this kind of injection is used for relatively con- 
centrated samples in order to avoid to introduce 
into the . gas chromatographic column enormous 
amounts • of sample; in - the split injection glass .- 
liners filled with glass wool or a packing are com- 
monly used. 

When on the contrary the concentration of the 
compounds to be analysed is low, -it is necessary 
to use the other injection mode, the splitless one, 
that allows to transfer into the column all the vap- 
ours of the components to be analysed in order to 35 

- achieve the required sensitivity. ; - 

The conventional splitless injection takes place 
at. a constant temperature, such as to allow the 
vaporisation of all sample components, and there- 
fore at a temperature definitely higher than the 40 
solvent boiling point. 

The vapours of the sample components, sol- 
vent included, are conveyed to the column during a 
preset time period called splitless time. During this 
period the sample compounds are quantitatively 45 
transferred to the column. 

Once this time is over, the splitting valve is 
~opened-(located in the lower portion of theThjecto7)~~" 
and the excess of solvent, that has not been trans- 
ferred into the column, is discharged to the at- 50 
mosphere. 

The splitless injection is usually performed by 
using empty glass liners. However,. the use of glass 
liners with a glass wool cap was mentioned (Wylie 
et al. - Journal of High Resolution Chromatography 55 
649-655 -Vol. 1 4; October 1 991 )rAcl5ofding to said ~ 
publication, the glass wool "seems to reduce dis- 
crimination, but can give rise to active sites that 
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_^^l a Jy,se the^composition of lab 

In order to avoid processes of discrimination of. 
the heaviest components that take place in- the 
conventional splitless injection, an injection tech- 
nique with vaporisation at programmed temperature 
(PTV) has been developed. 

By this technique the sample injection is. car- 
ried out under cold conditions, at a starting tem- 
perature below the solvent boiling point and under 
a flow of carrier gas. Once the injection is per- 
formed, the injector body is heated .in a pro- 
grammed way to allow vaporisation and. transfer to 
the column of the sample components. 

ft is thus possible to partially elim inate t he 
multirstep 


solvent ..through ..a multi-step -heating of the 
vaporiser (PTV solvent splitting technique): To 
eliminate the solvent," the vaporiser is . heated to an 
intermediate temperature near the" solvent boiling 
point before heating it to higher temperatures.: 

At this intermediate temperature the solvent is 
eliminated thanks to the carrier gas through the 
splitting valve, or in backflush, through another 
-valve (PTV solvent -splitting ror~PTV -solvent ~back-~ 
flushjng). 

The PTV solvent, splitting technique was used 
for injection of large volumes of sample (solvents) 
by Vogt et al. J. Chromatogr. . 1 74 (1 979) 437 and 
. by Termonia, Lacomblez and Munari (HRC & CC 
11/1988) 890. 

Another PTV injection system for the injection 
of larger amounts of sample is based on the sol- 
vent vaporisation by "overflow" principle, in US-A 3 
859 209 and more recently ;with different features in 
EP-A 461 438. In this technique the injector (of 

PTV x yP. e ' l ^^I^Plj?^P9^}r!\P!^)i^ packed .vyithi 
~a~ suitable material" and "heated to a starting tem- 
perature sligthly above the solvent boiling point at 
the working pressure. The samp je injection is per- 
formed, in presence or in temporary absence of 
carrier gas and in splitless configuration. ^ ■ * " - 
Under said conditions the solvent vapours es- 
cape to the atmosphere while the higher boiling 
components of the sample remain on the packing.. 
After, completion of solvent evaporation the 
vaporiser temperature is increased to allow 
vaporisation of said components and their passage 
to the chromatographic column b y me ans of the 
carrier gas. During this transfer the vaporiser is 
kept in splitless configuration. * 

An object of the present invention is to provide 
a process and a device for vaporizing injection of 
large volumes of sample, wherein no temperature 
variation in the vaporisation system is required and 
the sample injection, the partial elimination of the 
solvent and Jhe. transfer of the. samp .. 
into the column are carried out at high tempera- 
tures, as in conventional splitless injection. Said 
objects are achieved by means of the present 
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invention that concerns a process for the injection 
of liquid samples into an equipment for gas 
chromatographic analysis, on the principle of sam- 
ple vaporisation and without splitting of the com- 
pounds to be analysed, characterised, by compris- 
ing the steps of: 

- heating the injector of said gas chromatog- 
raphic equipment at a temperature of 
vaporisation, at least exceeding the boiling 
point of the solvent present in the sample to 
be injected at the actual pressure and suffi- 
ciently high to allow the transfer of the com- 
ponents to be analysed into the column; 

- at least temporarily connecting the vaporisa- 
tion chamber of said injector with the outside 
by means of a duct connected to the upper 
part of said chamber; 

- temporarily creating, inside said vaporisation 
chamber, a cool zone having a temperature 

." corresponding to said boiling point of the 
solvent, without affecting the temperature of 
the injector body; 

- injecting the sample into said vaporisation 
chamber at a speed such that at least part of 
said sample is deposited as a liquid within 
said cool zone; 

- keeping the temperature of said zone low at 
least until most of the solvent is evaporated; 

- allowing the temperature of the cool zone to 
return to the regulated injector temperature; 
and 

- feeding the gas chromatographic column with 
the sample components to be analysed by 
means of carrier gas flow- 
Said steps of formation of a coo! zone, of 

maintenance of same and subsequent gradual 
heating up to the preset temperature for the injec- 
tor can be performed also from the outside, for 
instance by introducing into the vaporisation cham- 
ber an exhaustible cold source,, such as a given 
quantity of cryogenic agent, or by temporarily cool- 
ing the vaporisation chamber, or rather its liner, 
though not altering the injector body temperature. 
However, according to an important feature of the 
invention, it is particularly advantageous that said 
steps occur by evaporation of the sample solvent, 
without any intervention from the outside. One or 
more inert materials with a low thermal mass are 
needed to keep the sample liquid in place. The 
injected sample solvent vaporizes on said inert 
materials and cools the latter to the solvent boiling 
point without interventions from the outside, said 
cool zone being defined by the liquid sample itself 
kept in place on said inert materials. A still better 
cooling effect is obtained by injecting in sequence, 
solvent and the sample. 

A solvent vaporisation with formation of a cool 
zone can be obtained also within the empty space 
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of. the liner, above at least one obstacle having a 
high thermal mass, said obstacle being impervious 
to liquid sample but allowing passage of the vapors 
thereof. When the liquid is heated from the liner 
5 and the qbstacle(s) hot_ surfaces repel the injected 
sample and form it to a drop wherefrom solvent 
evaporates. 

It is thus possible to maintain the originally set 
parameters of the injection system: the tempera- 

w ture of the cool zone seifadjusts to the actual 
boiling point of the solvent during the process of 
evaporation and elimination of the greatest part of 
the solvent; the compounds to be analysed are 
retained in the cool zone. At the end of solvent 

75 evaporation, heat transfer from the inerts returnes 
the temperature of the injection zone to that preset, 
with subsequent vaporisation of the compounds 
and their transfer to the column. 

It has been noticed that in this way it is possi- 

20 ble to inject even very large volumes of sample, to 
eliminate large part of the solvent, and to avoid 
complex adjustments of the parameters of the in- 
jection system. 

Though no thorough scientific explanation of 

25 what takes place is meant to be given herein, the 
localised cooling due to solvent evaporation and to 
the consequent localised subtraction of heat allows 
to retain all compounds with the exception of the 
most volatile, ones at the evaporation site up to 

30 completion of solvent evaporation. The solvent va- 
pors mainly flow upwards out of the vaporisation 
chamber, into said duct communicating with the 
outside. Since the carrier gas flow to the vaporisa- 
tion chamber is interrupted in this step, only the 

35 solvent vapours can escape from the vaporisation 
chamber, mainly towards the overflow line. At the 
end of the solvent evaporation, the, carrier gas flow 
is restored, the overflow line is, immediately or 
successively, shutted. As cooling by solvent evap- 

40 oration ceases, the temperature of the vaporisation 
chamber returns to the injector temperature, which 
initializes the vaporisation of the compounds to be 
analysed and their transport into the column by the 
carrier gas flow: 

45 Towards the end of the injection, a splitting 

line, preferably provided and kept closed during 
the previous steps, can be opened in order to free 
the vaporisation chamber from solvent residues as 
in the conventional splitless injection. As an alter- 
so native or in addition, a backflush line may allow 
feeding of carrier gas in countercurrent to the 
vaporisation chamber, to discharge the heavier 
compounds not to be analysed. The flow of carrier 
gas can be controlled by means of a valve for 

55 closing and opening the duct, that is closed before 
injection and opened again at the end of the sol- 
vent vaporisation, with possibility of carrier gas 
offtake for said backf lushing operation. 
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eritin^~prrncTples^ - a further objecTof The present" 
invention is constituted by an injector for equip- 
ments of gas chromatographic analysis, of the 
vaporisation type, comprising: a vaporisation cham- 5 
ber closed by a septum and connected, on the 
opposite side, to a gas chromatographic column; 
heating means for said chamber; at least one duct 
to feed carrier gas to the upper part of said cham- 
ber; at least one exhaust duct towards the outside 10 
connected to the upper part of said chamber; and 
one or more inert -packing materials, having re- 
duced ther mar mass; or "liquid i ntercepti ng "obsta- 
cles arranged inside said vaporisation chamber/ 
""7"" charact e rised i n~ th at "it comprises~~mean s^toTnairv" 
talri the upper portion of the injector, including the 
septum as well as the exhaust duct, at a tempera- 
ture to, avoid decondensation of the -solvent vap- 
ours. 

According to a preferential feature of the inven- 
tion, the temperature of the vaporisation chamber 
remains constant at a value sufficient for transfer- 

_ „riQ9_to Jthe _ gas cjiromatographic. cdlumn thelmost . — 

high-boiling compound present in the sample and ' 
to be analysed. 25 

According to another preferential feature of the 
invention, the inert materials are constituted by 
glass wool or quartz wool treated to make it inert or 
deactivated'. Alternatively, it is possible to use a 
materiai that, besides the characteristics of thermal 30 
, inertia, has an effect of chromatographic retention 
on the substances to be analysed, specially at the 
low temperatures/ determined by the solvent 
vaporisation: For example a packing may be fore- 
seen consisting of material in granules such as 35 
---polyfpara^e-diphehylpheny T -..- w -„-,- 
AKZO Registered Trademark). 

"Moreover, it is possible to foresee at least one 
liquid interception obstacle within the liner / which 
. obstacle, when heated, maintains the sample under 40 
solvent vaporisation conditions in the liner. empty 
space above the same. 

The invention will be now described more in 
detail with reference to the accompanying drawings 
given for illustrative and non limiting purposes, in 45 
which: 

- figure 1 is a schematic representation of an 


cess pMhe, invention;^ 


injector according to the invention in a simpli- 
fied configuration; 

figure 2 is a schematic perspective section of 50 
a possible practical embodiment of an injec- 
tor for the process according to the invention; 
figure 3 is a second schematic representation ' 
of an injector according to fig. 1 and modified 
for carryi ng-ou t a^ backf lush ^pejratio n^after 55 
irijectibhT "~ ^ ~ ------ — — • - -•-•==- - 

figure 4 is a chromatogram of a sample of 
hydrocarbons injected according to the pro- 


- figure 5 is a chromatogram of a sample of 
phenols obtained, by injecting an amount of 2 
microliters according to the conventional 
technique; and 

- figure 6 is a chromatogram of the sample of 
figure 4 injected in an amount of 50 micro- 
liters according to the present invention. 

With reference to figure 1, the injector accord- 
ing to the present invention comprises in a known 
way a vaporisation chamber 1 , provided with heat- 
. m 9 ™eans (not shown), a septum 2 for the in-„. 
troductipn of the needle 3 of a syringe 4, and 
_ mearis fo -feed the c hamb er 1 wit h carrier gas, 
generally consisting _of .abduct ,5 -controlled- by a - 
valve 5'. Moreover, the injector comprises a further 
duct 6 to connect the chamber .1 with the outside, 
connected with the upper portion of the chamber 1 
and eventually controllable by means of a valve 7, 
as well as one or more inert materials 8 arranged 
inside the .chamber 1 . The injector is also provided 
with a ifitting for connection to the gas chromatog- 
— raphic-column 9 ; -preferably of the capillary typeras " 
well as eventually a splitting line 10 controlled by a 
valve 1 f , whose function will be defined later on. 

The inerts 8, which are positioned downstream 
the. duct 6 in respect of the carrier gas flowrhave 
reduced thermal inertia (or thermal capacity), 
.and/or characteristics of chromatographic retention; 
their presence is important, in order to easily cre- 
ate, without external interventions, said cool zone , 
inside the vaporisation chamber and consequently 
to make the injection of high volumes of sample 
possible without altering the composition of the 
sample itself. 

The preferred process of the* invention actually- 
envisages to put initially the vaporisation chamber 
under the -conditions required by the. analysis, 
namely to heat the chamber 1 at a temperature, 
that must at least exceed the boiling point of the 
solvent at the working pressure and which is pref- 
erably equivalent or higher than, the temperature 
necessary for transferring to the column the most 
high-boiling compound among the compounds 
present in the. sample to be injected and to be 
analysed. f . 

A s mentioned above, the a dj ustment of the 


temperature control means preferably remains con- 
stant for the whole duration of the injection. Never- 
theless it is possible also to perform variations of 
said parameter in respect of the values originally 
set, being however a characteristic of the' present 
invention the fact that these variations can be per- 
formed in a way totally independent from the injec- 

^9^^913^——^^^^^^^^-^^^^^ ^ 

Before performing the sample injection, the 
chamber 1 is put in communication with the out- ' 
side by opening the valve 7 of duct 6, which has a 
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very low fluidic resistance, while the valve 5' of 
carrier gas feeding and the valve 1 1 of the splitting 
duct 10 are closed. Also these conditions of com- 
munication with the outside remain unchanged until 
the sample is vaporised and transferred to the 
column 9. 

At this point, with the vaporisation chamber in 
"steady" conditions, the sample (or a succession 
solvent + sample) is injected into the chamber 
itself in a way that at least part of the still liquid 
sample (or solvent) reaches the inerts 8, where it 
evaporates and immediately creates a cool zone 
allowing the realisation of the process according to 
the invention. It is therefore important that the first 
portion of sample (or solvent) injected immediately 
reaches the inert (glass wool, quartz wool or pack- 
ing). For this purpose the injection can also be 
programmed, as far as its speed (high speed at the 
beginning) and/or position of the delivery end of 
the injection means (e.g. needle 3 hole) are con- 
cerned, in such a manner that the sample reaches 
the inert material or packing still in liquid condition. 

Still in order to obtain the most favourable 
conditions of injection, it is preferable that the tem- 
perature of the walls of the vaporisation chamber is 
sufficiently high. In practice, the injector tempera- 
ture selected must be such as to guarantee the 
transfer to the column of the most high-boiling of 
the compounds to be analysed present in the sam- 
ple and such value is kept unchanged during the 
whole analysis. 

When the liquid sample (or solvent) dampens 
the inerts 8, the solvent it contains begins to evap- 
orate causing a localised cooling thereon. The low 
temperature thus reached in the points of solvent 
evaporation, as well as the presence of the solvent 
itself in liquid condition allow to hold on the inerts 
8, in correspondence to the cooled zone, substan- 
tially all the compounds present in^the sample. 

Simultaneously, part of the evaporated solvent 
enters the column 9, while the greater part of the 
solvent vapours expand in the vaporisation cham- 
ber and is discharged therefrom to the outside 
through the large duct 6. 

At the end of the solvent evaporation, the inerts 
on which said evaporation was localised, quickly 
get warm up to said temperature of the chamber, 
causing evaporation of the sample compounds 
which are brought to the column 9 by the reset 
carrier gas flow. Towards the end of the injection, 
the valve 11 of the splitting duct 10 can be opened 
to free the chamber from solvent or heavy com- 
pound residues as in the conventional splitless 
process. 

In this way it has been found possible to per- 
form analyses by capillary gas chromatography of 
samples with liquid volumes such as to generate 
amounts of vapours not containable inside the 
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vaporisation chamber, particularly liquid volumes 
even exceeding 200 microliters. Furthermore, it is 
possible to use polar solvents as well, including 
water, in large quantities. 

5 To carry-out the process according to* the in- 

vention, the presence of a given quantity of inerts 8 
or of equivalent liquid sample intercepting means is 
sufficient, possibly regulating the speed of sample 
introduction, mainly if said sample has a large 

70 volume, as a function of the surface area of the 
inerts themselves and/or of other working condi- 
tions. 

A preferential inert is constituted by a packing 
of poly(para-2,6-diphenylphenylene oxide) (Tenax - 

75 AKZO Registered Trademark). In order to obtain the . 
required performances of said glass or quartz wool, 
this must be, as already said, inactivated, following 
a process that is similar to that used for the prep- 
aration of glass or fused silica capillary columns. 

20 Figure 2 shows an operative embodiment of an 
injector for carrying-out the process according to 
the invention. Said injector comprises a body 12 of 
the injector, inside which there is provided a 
vaporisation chamber 1 defined by an external seat 

25 19 where a calibrated glass tube 20 (glass liner) is 
inserted, leaving a hollow space 21 for splitting 
through the. duct 10, as shown later on. An upper 
sealing gasket 22 closes the hollow space 21. The 
glass liner 20 is tapered towards the bottom, as 

30 indicated by reference 13, for connection to the 
gas chromatographic capillary column 9, con- 
strained by a blocking insert 14. In the upper 
section, tfhe vaporisation chamber 1 presents a non 
tapered end that, through a small block 15 for 

35 distribution of flows and washing of the septum, 
known per se, comes out in correspondence to 
said septum 2 that can be pierced for instance by 
the needle 3 of a known injection syringe 4. Inside 
the glass liner 20 there is provided glass or quartz 

40 wool, deactivated as previously mentioned, or the 
packing. 

It should be noted that in the present descrip- 
tion and in the claims, "vaporisation chamber" is 
used to indicate in general the seat where the 

45 sample vaporisation occurs, in the illustrated exam- 
ple as defined by the glass liner 20. 

In the body 12 of the injector there are pro- 
vided different ducts leading to the seat housing 
the liner that defines the vaporisation chamber 3. 

so Said ducts are a duct 5 to feed carrier gas, with a 
control valve 5' (not shown in fig. 2). Said duct 5 is 
provided with a pressure sensor 16 whose function 
will be described hereinbelow. Still in the body 12 
of the injector, there is a duct 6 for exhausting the 

55 solvent vapours, controlled, in the vicinity of its 
outlet to the outside, by a valve 7, preferably a 
needle valve. In correspondence to a central area 
of said duct 6 an offtake 17 can be provided 
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P on ?i s !i!]9, of a tu be o f small diameter that Jeeds a 
small percentage (0.5 - 5%) of the solvent vapours 
to a detector (not illustrated) for instance of the FID 
type. Finally, a third duct 10 defines a usual split- 
ting line, closed by a va(ve 11. 

Said injector is designed on . the basis of a 
system, known per se, of split-splitless vaporisation 
at variable geometry, with modifications that have 
the purpose to guarantee: a) an appropriate elimi- 
nation of the solvent vapours through the exhaust 
line 6 during the solvent vaporisation, avoiding the 
solvent condensation; and b) a monitoring of the 
evaporation process with indication of the end of 
the solvent evaporation step in order to possibly 

7~3utojT»atj^^ 7~"~^.~ ~ 

To achieve said objects, the exhaust line 6 
must be well heated* in order, to avoid any con- 
densation of the solvent therein. Said .heating is 
obtained by means of the body 12 of the injector 
as well as by a special heat conducting body 18 
mounted on the upper portion of the injector, the 
body 18 and eventually the body 12 being possibly 
protected towards, the ^outside by. anJnsulating. lin- . 
ing (not shown). For the same reasons the valve 7 
as well must be well heated at least in its portion 
near the duct 6. Moreover said vaive must guar- 
antee a chemical inertia not altering its characteris- 
tics because of the long lasting contact with solvent 
vapours and must moreover avoid the danger of 
fire for large quantities of solvent vapours passing 
therethrough. Therefore pneumatic valves or spe- 
cial; electric valves are preferable. 

Still in order to allow an appropriate elimination 
of vapours, the line 6 must be sufficiently wide 
(diameter 1 - 2 mm about) and , short (30 cm or 
less)" to"obtairf-a very low fluidic^resistance~t6jhe " 
solvent vapours. 

Moreover, in order that the process of the 
solvent evaporation does not affect the preset tem- 
perature of the vaporisation chamber, the quantity 
of conveyed heat must be such as to prevent any 
reduction of the selected temperature. It will there- 
fore be necessary to guarantee the proper amount 
of heat depending on the selected temperature, the 
injected quantity, the mass of the injector, the 
injector speed and the speed of heat transfer to the 
chamber. In practice, an injector body made of 
"alum i hi um~is^selj"with~rtwo heating resistors with 
total capacity preferably exceeding 150 W. 

The monitoring of the vaporisation process can 
be performed through the offtake/constriction 1 7 on 
the overflow line before the exhaust valve 7. 

Said offtake can be connected through the gas 
chromatographic chamber or in another suitable 
wa ^ a detector of the FID type o r sim ilar, that_ 
has the purpose 7of "detecting when The stage of 
elimination of solvent vapours is over, thus allowing 
an appropriate timing of the process stages and 


._ Jhejr automation. , „ 

When present, said offtake remains permanent- 
ly open allowing in this way to eliminate the resid-' 
ual solvent vapours present in the overflow line 
when the exhaust valve is closed, as well as to 
maintain the septum purging. In alternative or in 
addition to the monitoring of the solvent through 
the FID, a second monitoring can be foreseen 
through the pressure sensor 16. In fact, during the 
step of the solvent vaporisation, a pressure in- 
crease inside the vaporisation chamber occurs. 
Said increase is, recorded by the sensor. The end 
of the solvent vaporisation step corresponds to a 
\ rec over ing of t he pre ssure init ial value, that is d e- 
tected ; by- the- sensor. Still :- with- the- purpose- of - 
detecting the end of the solvent vaporisation step it 
is possible to envisage a probe (not illustrated) that 
detects the temperature of the vaporisation cham- 
ber or the liner, an increase of said temperature 
. occurring at the end of the solvent vaporisation 
stage. 

The injector of figure 2 performs the process of 
— -the-invention-in -the~following wayr The~systenrr is ~ 
regulated at the selected temperature keeping the 
valve 7 open and the valves 5' (not shown in fig. 2). 
and 11 closed and the sample is injected in a 
controlled way as indicated above, hen the injected 
amount is great, it is preferable, to carry-out a 
vaporisation monitoring in order to allow a choice 
of the switching time of the carrier gas valve 5' and 
of the valve 7 shutting the septum purging line. In 
this case the solvent evaporation is eventually 
monitored by means of the indicated systems (FID 
monitor and/or pressure sensor 16 and/or tempera- 

& ture P^be). In a^ monitoring ; 

is carried out in~an experimental way. At the end of 
the vaporisation step, the step of the sample trans- 
fer begins, after the valve 7 is closed and the 
purging line is shutted. The transfer time (splitless 
time) is evaluated in a way similar to the process 
used in the conventional splitless injection, and the 
splitting valve 11 is opened when the most high- 
boiling component to be analysed has reached its 
step, in such a way that the total injection time is 
equivalent to the solvent vaporisation time plus the 
transfer time under splitless conditions. 

A lternatively to what described above , it is pos- 
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55 


sible to use a vacuum applied at the outlet of the 
duct 6 to accelerate the solvent vaporisation and to 
prevent the liquid from entering the column. In this 
case monitoring through the line 17 will not take 
place. 

Still in alternative, the duct 5 of the carrier, gas 
can be controlled by an opening/closing valve (not 

shown _ ln fjgJ)^Ih_e^yalv,e,is„closed_.at the_begin^ _ 

ning of the injection and opened again towards the 
end of the solvent vaporisation stage, for example 
automatically in consequence of the monitoring of 
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said stage, substantially in coincidence with the 
closure of the valve 7 on the overflow line- 
Figure 4 illustrates a chromatogram obtained 
by injecting a sample of 50 microliters of hydrocar- 
bons in hexane, according to the process of the 
present invention. 

Figures 5 and 6 are two chromatograms ob- 
tained starting from the same sample, consisting .of 
phenols in methylene chloride, injected in 2 U-l - 
amounts according to the conventional technique 
and in 50 u I amounts according to the technique of 
the present invention respectively. In the chromato- 
grams, reference numbers indicate: 

1: phenol 

2: 2-chlorophenol 

3: 2-nitrophenol 

4: 2,4-dimethylphenol 

5: 2,4-dichlofophenol 

6: naphthalene 

7: 3rmethyl-4-chlorophenol 

8: 2,4,5-trichlorophenoI 

9: 2,4-dinitrophenol 

10: 4-nitrophenol 

1 1 : 2-methyl-4,6-dinitrophenol 

12: pentachlorophenol 

13: phenanthrene 
Operative conditions were as follows: 

- splitless injection time = 180 seconds (fig. 4) 
and 200 seconds (fig. 5) respectively 

- carrier fluid = helium 

- carrier flow rate = 1 .5 ml/min 

- injector temperature = 350 degrees C (fig. 4) 
and 320 degrees C (fig. 5) respectively 

- detector = FID (320 degrees C) 

- temperature programme of the oven = from 
45 degrees C (for 4 min) up to 270 degrees 
C at 10 degrees C /min 

The comparison between the two chromatograms. 
of figures 4 and 5 immediately shows the ease of 
determination, in the second one, of compounds 
present in traces in the sample. Figure 3 shows an 
alternative embodiment to that of fig.1 , in which the 
carrier gas vaive 5' can be switched to send a 
carrier gas flow, instead that to duct 5, to a duct 30 
connected to the vaporisation chamber in such a 
manner that said carrier moves upwardly in coun- 
tercurrent (backflushing) within the vaporisation 
chamber, so to wash the same and take away the 
heavy components not to be analysed through 
purge 6. 

As already said, an alternative to the glass 
wool or packing for creating a solvent vaporisation 
cool zone can be obtained by means of at least 
one insert for instance in glass or other inert ma- 
terial and having a high thermal mass, said insert 
being fitted as a plug in the liner and being able to 
form an obstacle intercepting any liquid passage 
but allowing the passage of vapours. For instance, 


an insert of this type may comprise a number of 
little peripherical grooves forming- channels with the 
liner wall. When the insert is heated, together with 
the liner wall, it repels by the Leidenfrost phenom- 

5 - -enon the sample injepted ^ liquid form near its 
upper surface. This forms a drop of liquid sample 
under solvent vaporisation conditions, remaining in 
the liner empty zone above said insert, which is 
consequently cooled. At the end of the solvent 

70 vaporisation step, said zone warms up and vapor- 
izes the sample components to be analized, which 
are fed to the column by the carrier gas, through 
said insert peripherical channels. It is possible to 
foresee more than one insert of the above de- 

15 scribed type; moreover, a further obstacle can be 
provided for above the sample drop zone, this 
further obstacle allowing the passage also of liquid 
sample during the first injection step. 

20 Claims 

1. A process for the injection of liquid samples 
into an equipment for gas chromatographic 
analysis, on the principle of sample vaporisa- 
25 tion and without splitting of the compounds to 

be analysed, characterised by comprising the 
steps of: 

- heating the injector of said gas 
chromatographic equipment at a tem- 

30 perature of vaporisation, at least exceed- 

ing the boiling point of the solvent 
present in the sample to be injected at 
the actual pressure and sufficiently high 
to allow the transfer of the components 

35 to be analysed into the column; 

- at least temporarily connecting the 
vaporisation chamber of said injector with 
the outside by means of a duct con- 
nected to the tipper part of said cham- 

40 ber; 

- temporarily creating, inside said 
vaporisation chamber, a cool zone having 
a temperature corresponding to said boil- 
ing point of the solvent, without affecting 

'45 the temperature of the injector body; 

- injecting the sample into said vaporisa- 
tion chamber at a speed such that at 
least part of said sample is deposited as 
a liquid within said cool zone; 

so - keeping the temperature of said zone low 

at least until most of the solvent is evap- 
orated; 

- allowing the temperature of the cool zone 
to return to the regulated injector tem- 

55 perature; and, 

- feeding the gas chromatographic column 
with the sample components to be an- 
alysed by means of carrier gas flow. 
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^1:^^_P£?5® S A, fording, to, claim J ..characterised- 

in that said cool zone is formed in one or more 
inert packing materials of low thermal mass, 
present in said vaporisation chamber, and in 
that the cooling of said materials occurs by 
subtraction of heat by the evporation of the 
solvent present in the sample and/or of solvent 
alone injected before the sample. " 

3. A process according to claim 1, characterised 
t m that said cool zone is formed in an un- 
packed zone of the vaporisation chamber, as 
. defined one or more obstacles hindering 

_ th ® Passage of liquid b ut allowing t he passage 

... 9 f . vapours, "said obstacle(s) being at the 
.. vaporisation chamber temperature and repel- 
ling the sample liquid forming a sample drop 
under solvent vaporisation conditions. 

4. A process according to claim 1,2 or 3, charac- 
terised in that said discharge duct is com- 

. pletely opened during the solvent vaporisation 

-.^-,s fe P^ and - th en-Partially-closed--in- the; following- 
analysis step. - 

5. A process- according to one of the preceding 
claims, characterised in .that ihe- carrier ^ gas 
feeding is switched off during the solvent evap- 
oration. 


10 


25 


b. A process according to one of the preceding 
claims, characterised in that the injector is 
heated at a temperature sufficient to allow the 
transfer to the column of the most high-boiling 
compound to be analysed. 35 

7. A process according to 6, characterised in that 
the temperature of the vaporisation chamber is 
kept unchanged until the vaporisation of the 

- sample and its passage to the separation col- 4o 
umn have occurred. 

8. A process according to one of /the preceding 
claims, characterised in that toward the end of 
solvent evaporation step a splitless sample 45 
transfer into the . column is started, with shut- 
ting of flow rate th rough sai d duct co m municat - 

mg with the outside and opening saicTduct for 
carrier gas feeding. 

OA 50 

a- A process according to claim 8, characterised 
by monitoring the solvent evaporation step and . 
by a subsequent control of the shut of the duct 
communicating with the outside and/or the 

_ ° pe r in9 . of du - ct L?/5 ar r ie ^9aS-feeding. • .. 55 

10. A process according to claim 2 or 3, charac- 
terised by programming the speed and/or the 


— position - of " sample"imrd^acli6rTT?ito^ "the' 
vaporisation chamber as. a function of the posi- 
tion of said obstacle(s) or the position and 
amount of said packing material in the 
; vaporisation chamber, the volume of injected 
sample and type of solvent. 

11. A process according to one of the preceding 
claims, characterised in that a splitting or back- 
. flushing step is carried out after the transfer of 
the solutes of interest into the column, through 
a known splitting line previously kept closed or 
by countercurrent feeding of carrier gas, to 

_ purge.4he. vaporisation-chamber-and-elimihate" 

the sample residues. 

12. A process according to claim 2 or 3, charae- 
terised in that a vacuum is applied at the outlet 
of the duct communicating with the outside, at 
least up to the evaporation of the greatest part 
of the solvent: 

~ 13.^A ^ the~preceding ™ 

clams, characterised by , the fact of injecting 
sample volumes exceeding 5 microliters. 

14. An injector for equipments of gas chromatog- 
raph lC analysis, of the vaporisation type, com- 
prising: a vaporisation chamber closed by a 
septum and connected, on the opposite side, 
to a gas chromatographic column; heating, 
means for said chamber; at .least one duct to 
feed carrier gas to the upper part of said 
chamber; at least one exhaust duct towards 
^ _the outside connected to^the-upper part of said ~ 
chamber; and one or more inert packing ma- 
terials, having reduced thermal mass, or liquid 
intercepting obstacles arranged inside said 
vaporisation chamber, characterised in that it 
comprises means to maintain the upper portion 
of the injector, including the septum as well as 
the exhaust duct, at a temperature to avoid 
recondensation of the solvent vapours. ~ 

15. An injector according to claim 14, characteris- 
ed in that said means for keeping a constant 
^^^temperature^are-formed-by-afieast-one-blbck~" 
made of a heat conducting material, in correla- 
tion of thermal exchange with at least the 
greatest length of said exchaust duct, with the 
upper portion of the injector and with the 
means heating the vaporisation chamber, as 
well as by an insulation of the external sur- 
faces of at least one of the blocks , made of 
heat-conducting material.- • " 

16. An injector according to claim 14, characteris- 
ed in that a shutting control valve is associated 


BNSDOCID: <EP :0551847A1_L> 


15 


EP 0 551 847 A1 


16 


with said exhaust duct, heated at a tempera- 
ture exceeding that of recondensation of the 
solvent vapours. 

17. An injector according-to claim 16, characteris- - 5 
ed in that the outlet from the top of the vapor- 
izing chamber is connected to a vacuum 
source. 

18. An injector according to. one of the claims 14 io 
to 1 7, characterised in that said exhaust duct 

has a diameter in the order of 1 - 2 mm. 

19. An injector according to one or more of the 
claims 14 to 18, characterised in that it com- is 
prises means for detecting the end of solvent 
evaporation and its discharge. 

■20. An injector according to claim 19, characteris- 
ed in that it comprises an offtake on the ex- 20 
haust duct, arranged upstream the valve and 
connected to a detector, and/or a pressure 
sensor on the duct feeding carrier gas to the 
vaporisation , chamber, and/or a temperature 
sensor inside the vaporisation chamber or in 25 
the vicinity thereof. 


26. An injector according to one of the claims 14 
to 25, characterised in that it comprises a 
splitting line connected to the vaporisation 

- chamber and controlled by valve means to 
open or- close the same. _._ 

27. A device for the vaporisation injection in equip- 
ments for gas chromatographic analysis, 
characterised in that it comprises an injector 
according to one of the claims 14 to 26, as 
well as means to introduce the sample com- 
prising proportioning means having a volume 
exceeding 5 microliters. 


21. An injector according to one of the claims 14 
to 20, characterised in that it comprises a valve 
to turn off the carrier gas or to switch it to an 
injector flushing duct or to an injector back- 
flushing duct. 


30 


22. An injector according to one of the claims 14 
to 21, characterised in that said inerts are in 
the form of deactivated glass or quartz wool. 


35 


23. An injector according to one of the claims 14 
to 21, characterised in that said inerts are 
constituted of a packing of material having 
chromatographic retention power on the com- 
pounds to be analysed. 


40 


24. An injector according to one of the claims 14 

to 21, characterised in that said vaporizing 45 
chamber comprises at least one obstacle or 
plug of inert material and high thermal mass 
intercepting the passage of liquids while allow- 
ing the passage of vapours. 

50 

25. An injector according to claim 24, character- 
ized in that said vaporizing' chamber comprises 
at least one further obstacle placed above the 
evaporation zone and limiting the space hous- 
ing the sample liquid allowing passage of vap- 55 
ours. 
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